The VeRoLog Solver Challenge 2019 is the 4th solver challenge facilitated by VeRoLog, the EURO Working Group on Vehicle Routing and Logistics. The challenge is organized in cooperation with ORTEC. On behalf of the organizing committee, the authors report on the problem and organization of the challenge.
Introduction
The VeRoLog Solver Challenge (VSC) is an initiative of VeRoLog, 1 the Working Group on Vehicle Routing and Logistics within EURO, the Association of European Operational Research Societies. The VSC is aimed at promoting the development of effective algorithms for real-world applications in vehicle routing. The problem of the challenge is selected by the VeRoLog board in collaboration with a company. The challenge is open to everybody, regardless of affiliation. Registration is free.
VSC 2019, organized by ORTEC, revolves around a challenging vehicle routing problem which has received little attention in the literature so far. This problem combines distribution and subsequent installation of equipment, such as vending machines. The organizers-a superset of the authors 1 of this paper-provide a comprehensive description of the problem and the formal challenge rules in [2] , instances, and some resources such as a solution validator and a visualizer, on the challenge website. 2 The goal of this paper is twofold. Firstly, the authors wish to report on the problem of the challenge and spark the interest of the vehicle routing community in this practical problem that is faced by several ORTEC customers on a daily basis. Secondly, we hope to engage as many people as possible to participate in the challenge, demonstrate skill and creativity, compete for the money prizes, and have fun. May the best team win!
Problem description
The problem of the challenge is the coordination of delivery and subsequent installation of equipment, such as vending machines, thereby minimizing the total cost. The machines must be delivered within a customer-dependent delivery window and must be installed by a technician as soon as possible after delivery.
The planning horizon consists of a period of consecutive days, numbered 1, 2, and so on. There are different kinds of machines, each having its own size, expressed in the same unit. There are machine requests from customers that all have to be satisfied. A request consists of a number of machines of one kind, and a delivery window within which these machines have to be delivered. Each delivery window consists of a number of consecutive days within the planning horizon. If a customer needs more than one kind of machine, a separate request is made for each kind. For example, there can be a request for two machines of kind 5 that have to be delivered on day 8, 9, or 10.
Machine delivery There is one depot location where all the machines are located at the start of the planning horizon. There are enough machines of each kind available to satisfy all the requests. Trucks are hired to transport the machines from the depot to the customers. There is no limit on the number of trucks that can be hired. All trucks are identical. A truck can accommodate any combination of machines whose total size does not exceed the trucks capacity, where the capacity is expressed in the same unit as the machine sizes. The delivery of a request cannot be split, i.e., all machines of a request must be delivered simultaneously by one truck. In the provided instances, none of the request sizes exceeds the vehicle capacity.
The daily route of a truck starts and ends at the depot, i.e., a truck that picks up a machine from the depot on a certain day must end its route at the depot that same day. A truck can return to the depot several times during a day to pick up machines. The total distance a truck can travel per day is limited to a given maximum. It does not take any time to load a machine at the depot or to unload a machine at a customer.
Machine installation After delivery, each machine must be installed by a technician at the customer location. Installation of a machine cannot take place on the day the machine is delivered. For every full day a machine is idle, i.e., delivered at the customer but not yet installed, a fixed penalty is charged. This penalty is specified for each kind of machine. For example, suppose a customer places a request for three machines, and these machines are delivered on day 4 and installed on day 7. Then, the penalty for the corresponding machine kind 3 is charged 3 × 2 = 6 times, as the three machines were idle on days 5 and 6. If the machines are delivered on day 4 and installed on day 5, no penalty is charged.
Each technician has a skill set that determines which kinds of machines he or she can install. Installing a machine does not take any time. The maximum number of consecutive days a technician can work is 5. If a technician has worked for five consecutive days, he or she must have two days off. If a technician has worked for less than five consecutive days, a single day off suffices. All days outside the planning horizon are days off. The daily route of a technician must start and end at his or her home location. The total distance a technician can travel per day is limited to a given maximum. The same holds for the number of requests a technician can carry out per day, where carrying out a request means installing all the machines for that request.
Objective In a solution, all requested machines are delivered and installed within the planning horizon. The objective is to minimize the total cost. There are costs per unit of distance traveled by truck, for using a truck for a day, and for using a truck at all during the planning horizon. Additionally, there are costs per unit of distance traveled by a technician, for using a technician for a day, and for using a technician at all during the planning horizon. Finally, there are costs for every full day a machine is idle, specified for each kind of machine. In order to determine the traveled distances, integer coordinates are provided for the depot, the customer locations, and the technicians home locations. The distance between coordinates (x 1 , y 1 ) and (x 2 , y 2 ) is defined as
e., the ceiling of the Euclidean distance.
Related literature
To the best of our knowledge, not much literature exists on the problem described in the previous section. The closest related problem we could find is presented in a paper by Bae and Moon [1] , who optimize both delivery routes and subsequent installation routes. Main differences are that our problem considers a longer planning horizon (leading to an important scheduling aspect), different equipment types and skills, a simple labor rule the installation staff has to adhere to, and a much richer cost structure.
Challenge organization
The VSC 2019 was announced at Odysseus 2018 (the 7th International Workshop on Freight Transportation and Logistics) and at EURO 2018 (the 29th European Conference on Operational Research). The challenge was officially launched on September 5, 2018, when the problem description, challenge rules, and some toy instances were made available on the challenge website.
The challenge consists of two parts, as explained below. Participants may compete and win money prizes, in one part or in both parts. All important dates are shown in Fig. 1. 
An all-time best challenge
This part of the competition runs from October 8, 2018, until May 5, 2019. The main goal in this challenge is to find all-time-best solutions to the 25 'early instances.' Submitted solutions are ranked weekly on the challenge website. Solutions submitted in this part of the challenge may be obtained by any means available.
A restricted resource challenge
This part, which starts on January 1, 2019, is a challenge in the more traditional form: resources are restricted, FICO, GUROBI, and IBM have kindly agreed to supply licenses of their solvers Xpress, GUROBI, and CPLEX, respectively, which ORTEC may use during the second part of the challenge. This means that the algorithms submitted may call these solvers.
Awards
The awards, supplied by ORTEC, are as follows: -In the all-time-best challenge: e 0,50 per instance per week for the instance's frontrunner at the end of the week; e 40 per instance for the instance's frontrunner by the end of May 5, 2019. -In the restricted resources challenge: the award for the winner is e 2019, the runner-up is awarded e 500, and the award for third place is e 250.
The awards will be presented during the upcoming VeRoLog conference in Seville, June 3-5, 2019. 4 Selected participants will have the possibility to present during this conference and to publish in a special issue of the journal Networks.
Conclusion
We hope that this practical relevant problem contributes to an exciting challenge and motivates future research.
